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Abstract. Starspots are cooler and darker than the stellar surface. Therefore, the emitted flux of a star changes
when spots are visible on its surface. The presence of spots together with the stellar rotation leads to a periodic
modulation on the light curve. By studying that modulation one can then learn about the stellar rotation and
also magnetic activity. Recently, Reinhold & Arlt [1] proposed a method based on the analysis of the Lomb
Scargle periodogram of the light curve to identify the sign of the differential rotation, i.e. whether the equator
rotates faster than the poles or the opposite. We have been studying in detail the spots’ impact on the light curve
and on the resulting periodogram. We find that, under some conditions, the periodogram can actually provide
an estimate of the true spot latitudes and/or the stellar inclination angle. Moreover, we find that the impact of
the spot on the ratio between the heights of the second and first harmonics of the main peaks in the periodogram
can be described by a single parameter, the visibility time of the spot. Finally, we also identify possible sources
of false positives/negatives for the sign of the differential rotation.
1 Introduction
The light curves of active stars often show quasi-periodic
modulations due to the presence of dark spots crossing the
stellar disc. The study of such modulations provides in-
sights on stellar rotation and magnetic properties [e.g 2].
The high-precision photometric data, such as those
provided by the satellite Kepler [3], have allowed the de-
tection of the rotation periods for a large number of stars
[4], in particular through the periodogram analysis. If the
star is differentially rotating, the periodogram of its light
curve may show multiple peaks around the detected rota-
tion period. Those peaks are associated to spots at differ-
ent latitudes and, thus, with different rotation rates. For
this reason, one can also use the periodogram analysis to
measure the amplitude [e.g. 5–9] and, as proposed more
recently, the sign [1] of the differential rotation.
The method proposed by Reinhold & Arlt [1] relies
on the comparison of the peak-height ratios correspond-
ing to different peaks (Pk with k = 1, 2, ...) in the peri-
odogram related to the surface rotation. The peak-height
ratios rk are defined as the ratio between the heights of the
second and first harmonics of Pk, h′k and hk respectively,
i.e. rk = h′k/hk. According to the authors, spots at higher
latitudes lead to more sinusoidal light curves than spots
at lower latitudes. At these lower latitudes, there is extra
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power in the second harmonic and, thus, larger ratios rk.
Therefore, following their argument, one can attribute a
relative latitude ("low" and "high") to each peak Pk:
- if rk > rk+1 ⇒ Plow = Pk and Phigh = Pk+1
- if rk < rk+1 ⇒ Plow = Pk+1 and Phigh = Pk.
Defining the observed relative differential rotation as
αobs =
Phigh − Plow
Phigh
, (1)
αobs is positive/negative when the equatorial regions rotate
faster/slower than the polar regions (solar/antisolar differ-
ential rotation).
In these proceedings, we show the main results from
a detailed study of the peak-height ratios and their depen-
dency on the spot and stellar properties (Sect. 2.1). We
also present the first source for false-positives/negatives of
αobs and for observational biases (Sect. 2.2).
2 Results
2.1 Peak-height ratios: 1-spot simulations
In this section, we investigate the dependency of the peak-
height ratios on a number of stellar and spot parameters
which affect the light curve modulation.
Taking the synthetic light curves from 1-spot simula-
tions obtained with a tool that we developed, we start by
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investigating the impact of the spot latitude and stellar in-
clination on the peak-height ratios. In this set of synthetic
light curves, we fix the limb darkening, spot size and inten-
sity contrast, and the rotation profile. We consider circular
spots of radius RS ∼ 5.7◦, intensity contrast CS = 0.67,
and infinite lifetime. We also consider solar differential
rotation and a quadratic limb-darkening law adequate for
solar-like stars.
For each synthetic light curve, we compute the Lomb
Scargle periodogram and, then, the peak-height ratios as-
sociated to the rotation period. Figure 1 shows the peak-
height ratios as a function of the spot latitude, L, for dif-
ferent stellar inclination angles, i. From this plot, one can
already conclude that the relation between the peak-height
ratios and the spot latitude claimed by Reinhold & Arlt [1]
is not fully valid for i , 90◦, being only correct for spots
lying in the same hemisphere as the observer.
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Figure 1. peak-height ratios as a function of the spot latitude for
different stellar inclination angles.
From the results of figure 1, one can also anticipate
the cases where the method proposed by [1] provides the
correct sign of the differential rotation:
- when i = 90◦ (note that the latitudinal dependency of
the peak-height ratios for this inclination is weak, which
hampers the determination of the sign of the differential
rotation);
- when i , 90◦ and the peak-height ratios are related to
spots at the northern hemisphere (same as the observer);
- when i , 90◦ and one of the spots is on the southern
hemisphere but its absolute latitude is smaller than the
latitude of the spots on the northern hemisphere.
For the remaining cases, we may expect to recover the
wrong sign of the surface differential rotation.
We find that the peak-height ratios plotted against the
spot latitudes follow a well defined relation for a given
stellar inclination angle. Taking these results as reference
for the dependency of the peak-height ratios on the lati-
tude, if the inclination is known, one can estimate the lati-
tude of the spot associated to a given rotation period. Even
for the cases where the inclination is unknown, one may
constrain the spot latitude and the stellar inclination.
But what determines the sinusoidality of the spot mod-
ulation on the light curve? Are the peak-height ratios a
measure of that sinusoidality?
We find that the spot latitude and the stellar inclination
can be translated into a single parameter related with the
visibility of the spot. Figure 2 shows the peak-height ratios
as a function of the ratio between the time the spot remains
visible and the rotation period (tvis/Prot) for different spot
latitudes and stellar inclination angles. The peak-height
ratios tend to lie on the same curve, showing that they de-
pend on a single parameter, the visibility time of the spot,
and are indeed a measure of the sinusoidality of the light
curve.
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Figure 2. peak-height ratios as a function of the visibility time
of the spot for different spot latitudes and the stellar inclination
angles i = 30◦, i = 50◦, and i = 70◦.
Besides the stellar inclination and latitudinal distribu-
tion of spots, the spot modulation also depends on the stel-
lar rotation and limb-darkening, as well as, on the spot size
and intensity contrast.
In the following simulations, the rotation profile is de-
fined through
Ω(L) = Ωeq(1 − β sin2 L), (2)
where Ω and Ωeq are the angular velocity at a given lati-
tude L and at the equator (L = 0), and α is the parameter
that determines the amount of surface shear. For the limb-
darkening, we consider three different laws:
- linear limb-darkening law
I(µ)
I(1)
= 1 − u(1 − µ) (3)
- quadratic limb-darkening law
I(µ)
I(1)
= 1 − a(1 − µ) + b(1 − µ)2 (4)
- 3-parameter non-linear limb-darkening law
I(µ)
I(1)
= 1 − c2(1 − µ) − c3
(
1 − µ3/2
)
− c4
(
1 − µ2
)
, (5)
where I(µ)/I(1) is the relative photospheric intensity, µ is
the cosine of the angle between the line of sight and the
normal to a given surface element (at the center of the stel-
lar disc µ = 1 and at the limb µ = 0), and u, a, b, c2, c3,
and c4 are the limb-darkening coefficients, which we take
from [10].
By varying one of those parameters (rotation, limb-
darkening, spot size and intensity contrast) at each set of
simulations shown in figure 3, we find that the peak-height
ratios are independent on stellar rotation and spot contrast
(left panels of figure 3), as these parameters do not change
the visibility time of the spot, measured as tvis/Prot, or
the sinusoidality of the modulation. Although the effect
is small, we find that the peak-height ratios depend on
the limb-darkening (bottom right panel), due to its impact
on the shape and sinusoidality of the spot modulation.
Finally, the larger the spot the longer it remains visible,
thus the spot size affects both peak-height ratios and
visibility time of the spot (top right panel).
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Figure 3. peak-height ratios as a function of the spot visibility
time for different spot latitudes and stellar inclinations i = 30◦,
i = 50◦, and i = 70◦, and different: a) spot intensity contrast,
CS; b) spot radii, RS; c) stellar rotation profiles; and d) limb-
darkening laws.
2.2 Sign of the surface differential rotation: 2-spot
simulations
This section focuses on the sign of the stellar surface dif-
ferential rotation. In particular, we present one of the
sources for false positives/negatives.
For each synthetic light curve obtained from 2-spot
simulations, we compute the Lomb Scargle periodogram
and the corresponding peak-height ratios. In order to avoid
the contamination by nearby peaks, we impose an ade-
quate criteria for the peak separation in the periodogram
and only consider the peaks that obey that criteria.
Having the peak-height ratios and the rotation peri-
ods, we apply the method proposed by [1] and deter-
mine the observed relative differential rotation as defined
in Eq. (1). Figure 4 shows the results for the sign of
the differential rotation for different spot configurations
(from a broad range of latitudes) and stellar inclination an-
gles. The white regions in figure 4 correspond to the spot
configurations where the rotation periods are not success-
fully recovered/distinguishable and, thus, no information
on αobs is retrieved. Knowing the input differential rota-
tion (α > 0, solar differential rotation), the red dots show
the cases where the wrong sign of αobs (false-negative) is
determined, while the green dots correspond to the cases
where solar differential rotation is correctly recovered. We
note that we have considered steps of 5◦ for the spot lati-
tudes and spots of equal size in these simulations.
Finally, for small stellar inclination angles, it is more
likely to detect spot modulations on the light curve induced
by spots at the same hemisphere as the observer than by
spots at the opposite hemisphere. Therefore, as shown in
figure 4, the rate of false negatives decreases as we study
stars with lower inclinations.
3 Conclusions
The main goal of the work presented in these proceedings
was to understand to what extent one can retrieve, from
the light curve and consequent periodogram analysis, in-
formation about the latitudinal distribution of spots and
stellar surface differential rotation.
We studied the dependency of the peak-height ratios
on the spot and stellar properties. We found that those ra-
tios are essentially a function of a single parameter, the
spot visibility time, which is mainly determined by the
stellar inclination and spot latitude.
We conclude that, despite the degeneracy between lat-
itude and inclination, the periodogram analysis provides a
simple and fast way to constrain these parameters. And if
the inclination of the star is known, one can actually esti-
mate the spot latitudes.
Our results also show that, for i , 90◦ the method pro-
posed by [1] only returns the correct sign of the differential
rotation when:
- the rotation periods Pk and Pk+1 are associated to spots
at Lk, Lk+1 > 0 (same hemisphere as the observer);
- the rotation peridos Pk and Pk+1 are associated to spots
at Lk > 0 and Lk+1 < 0 (same and opposite hemispheres
as the observer, respectively) and |Lk | > |Lk+1|.
Finally, we note that the modulation induced by spots
at Lk > 0 will be preferentially observed, specially for
small i. This will contribute for a low rate of false posi-
tives/negatives for the sign of αobs.
For further details on this study, we recommend the
reader to see [11].
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Figure 4. Sign of the differential rotation for different 2-spot configurations and inclination angles i = 30◦ (left), i = 50◦ (middle), and
i = 70◦ (right). L1 and L2 are the latitudes of each spot respectively. The red dots correspond to the cases of false negatives (αobs < 0),
while the green dots represent the cases where solar differential rotation (αobs > 0) is correctly recovered. The spot configurations that
are not marked in the plots correspond to the cases where no rotation periods are recovered or to the cases where the periods do not
fulfill the peak separation criteria. The dashed line divides the regions where the correct (above) or wrong (bellow) sign of αobs was
expected from the results presented in figure 1.
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